Problem: Intravenous Immunoglobulins (IVIG) are widely used off label in the treatment of early reproductive failure. As IVIG is expensive, and may have side-effects, evidence of efficacy is needed. Previous results have suggested that the pre-conception treatment of primary recurrent abortion patients might be effective, but the data set has been too small for adequate statistical power. More recently it has been suggested that IVIG may improve the success rate of in vitro fertilization and embryo transfer (IVF) in patients with prior IVF failures, but clinical trials have given conflicting results that need explanation. Systematic reviews generating inconclusive results have focused on methodological rigor to the exclusion of biological plausibility. Methods: Review of current basic science of design, measurement, and evaluation of clinical trials and basic science mechanisms providing a rationale for treatment. Meta-analysis of published randomized controlled and cohort-controlled trials (updated with two unpublished data sets) evaluating IVIG treatment in IVF failure patients. Live birth rate was used as the most relevant endpoint. The ability of different sources of IVIG to suppress natural killer (NK) cell activity was determined using a standard 51 Cr-release assay in vitro. Results and conclusions: Meta-analysis of three published randomized controlled trials (RCTs) of IVIG in IVF failure patients shows a significant increase in the live birth rate per woman ( p = 0.012; Number Needed to Treat for 1 additional live birth, NNT = 6.0 women). Using live birth rate per embryo transferred, and adding data from two cohort-controlled trials to the meta-analysis further supports this conclusion (overall p = 0.000015, NNT = 3.7 women). Relevant variables appear to include properties and scheduling of the IVIG, and selection of patients with abnormal immune test results. Different IVIG preparations vary significantly in their ability to suppress NK activity in vitro. A rationale for use of IVIG is provided by a review of mechanisms of IVIG action and mechanisms underlying failure of chromosomally normal embryos.
INTRODUCTION
Parenteral use of human immunoglobulin was first reported as a treatment for measles in 1935, and intramuscular injection of immunoglobulin in immunodeficiency disorders such as agammaglobulinemia was reported in 1952 (1) . Intravenous immunoglobulin administration became feasible with improved purification methods that removed side-effect-producing aggregates, and IVIG was first licenced for sale in the US in 1981 (Bayer) (1) . The benefits of IVIG in replacement therapy and in passive immunotherapy of infectious conditions is not difficult to understand. Fortuitously, IVIG was also found to ameliorate ITP (autoimmune thrombocytopenic purpura), and to be beneficial in a number of autoimmune and inflammatory conditions, including relapsing inflammatory polyneuropathy, Guillian-Barre syndrome and Kawasaki disease where coronary artery inflammation can lead to aneurysms and vessel rupture (1) .
Recurrent miscarriage and peri-implantation embryo failure in patients undergoing in vitro fertilization and embryo transfer (IVF) have been proposed to an excess of proinflammatory Th1-type cytokines relative to Th2/3 cytokines, and IVIG has been proposed as a treatment (2) . A number of randomized controlled trials (RCTs) and cohort-controlled trials have been done in patients with recurrent miscarriage; the RCT data has been subject to meta-analysis and this has been reported elsewhere (3) . The use of IVIG in patients undergoing IVF for infertility and/or early pregnancy failure has been tested in several RCTs. The most recent trial by Stephenson and Fluker, which was reported as negative, has created significant controversy (4-7). Stephenson and Fluker noted previous positive reports by Kleinstein et al. in an abstract, and de Placido et al. in a formal paper (8, 9) . We were also aware of an RCT done by Sher et al. and two unpublished cohort-controlled trials the details of which had not been published (10) (11) (12) . In this paper, we focus on the question whether there is controlled trial data to support a hypothesis that IVIG can improve the likelihood of a live birth in patients undergoing IVF?
MATERIALS AND METHODS
Randomized trails were known from previous publications and a Medline search disclosed no additional trials. Therefore, we were not undertaking a systematic review. Two cohort-controlled trials were known, one from an abstract and presentation, and a second, from a review article that pooled IVIG in IVF failure patients with a group of previously reported recurrent miscarriage patients (11, 12) ; in neither had the actual data been published and the unpublished details were provided by the authors for this analysis. In the Coulam trial, IVIG was standard of care and IRB approval was not required; in the Stricker trial, IRB approval had been obtained for the study of IVIG in pregnancy failure patients.
Meta-analysis was done using a standard program for the Peto method as previously described (3, 13) . An estimate of heterogeneity by χ 2 was calculated to determine if different studies could be combined, and a pooled estimate of the odds ratio, 95% confidence intervals, and two-tailed p-value was generated.
The IVIG preparations Gammagard (Baxter, USA) or Gamimune (Bayer, Canada) were tested for suppression of lysis of 51 Cr-labeled K562 cells by a 50:1 effector:target ratio of lymphocyte-purified human PBL in vitro as previously described (14) . The mean percent 51 Cr release and 1 SEM was determined using sets of six replicate test wells with different concentrations of IVIG, and cytolytic activity was converted to lytic units 20% (LU20) using the standard formula. Percent suppression by IVIG was calculated. The significance of differences was determined using Student's t-test. Table I summarizes the results from three RCTs of IVIG in IVF failure/early pregnancy loss patients. The trial by de Placido et al. achieved a one-tailed p < 0.05 in the original publication as did the trial by Sher et al. rejecting the null hypothesis that IVIG did not increase the rate of pregnancy success (9, 10) . The Stephenson and Fluker trial did not, although one can see that the live birth rate was slightly higher in the IVIG-treated patients. To take all of the evidence into consideration, a meta-analysis was performed to assess the ability of IVIG to increase the probability of a woman taking home one or more babies (live birth rate). Figure 1(A) shows that the pooled odds ratio and 95% confidence interval favored IVIG, and the two-tailed p-value (2P) was 0.012. There was no significant heterogeneity among the studies, hence pooling was permissible. The success rate for live birth in the control group was 19.3%, the success rate in the IVIG group was 36.0%, and the number needed to treat (NNT) for one additional live birth in the RCTs was 6.0 women. The abortion rate for those achieving clinical pregnancies (Table I) was also reduced significantly (from 38.5 to 15.8%), but so also the likelihood of achieving a clinical pregnancy increased (from 31.3 to 42.6%). The important statistic was not the pregnancy rate or the abortion rate, but live birth rate, which can be improved by a combination of improving implantation, preventing occult losses, and preventing clinical abortions. Two cohort-controlled trials (Tables II and III) were also evaluated. Here the control group represented women who did not want to have IVIG, due to the fear of unknown side-effects of a blood product such as IVIG or due to the inability to afford the cost of the IVIG. In the Coulam trial (Table II) , the patients were of similar age, the IVIG patients had had more prior IVF failures, and the take-home baby rate (LBR) per patient and per IVF embryo transferred was increased. All of the patients had elevated levels of NK cells and some had positive autoantibodies (anti-phospholipid, anti-thyroid, ANA). A similar result from Stricker who selected patients with abnormal immune tests is shown in Table III . Again, the control group patients refused IVIG due to fear or cost considerations. The probability of a live birth per patient was extremely high in this study, most likely due to the increased number of IVF embryos transferred per recipient, and it was not possible to include Table III data with that of Tables I and II in a meta-analysis of number of women with one or more live births. However, it was possible to calculate the probability of a take-home baby per embryo for both the RCTs and two cohort-controlled trials and this corrected for the problem of heterogeneity and allowed us to pool all five studies in a meta-analysis. Figure 1(B) shows the result. The pooled odds ratio was again statistically significant with respect to a benefit of IVIG. The success rate in the control group was 15.0%, the success rate in the IVIG group was 41.9%, and the NNT for one additional live birth in this set of pooled data was 3.7 women for one additional live birth. A similar analysis of the live birth rate per embryo in the RCTs in Fig. 1 (A) also allowed rejection of the null hypothesis that IVIG did not increase the take-home baby rate (p < 0.05).
RESULTS
In Fig. 1(B) , although the results from the various trials were similar and confidence intervals usually included the means of the other trials, the Stephenson and Fluker trial was the least positive. There were a number of possible explanations for this result apart from the fact that the outcome of trials varies due to mere chance. These will be discussed later. One issue that has not been addressed in the literature concerned properties of the IVIG itself. To explore this question, we tested the Bayer Gamimune product (used by Stephenson and Fluker) for the ability to suppress NK cytolytic activity in vitro, and compared the activity to the Baxter Gammagard product used by Coulam. It can be seen in Fig. 2 that both IVIG products suppressed NK activity. However, Gamimune was less potent. Based on the titration curve, it appeared one would require eight times more Gamimune to achieve the suppression achieved by Gammagard.
DISCUSSION
The meta-analyses in this paper indicate that IVIG significantly increased the probability of taking home one or more babies by patients undergoing IVF for infertility and/or early pregnancy loss. In evaluating any meta-analysis, it is necessary to carefully consider trails excluded and those included in the analysis. The only excluded trial was that of Kleinstein et al. that was published in abstract form only (8); it was not possible to obtain any details of the patients, randomization, or treatment, and the information required for Table I was unavailable. Three other trials had been published. The RCT by de Placido included patients with three or more IVF failure attempts with patients with two or more very early losses (< 8 weeks) or biochemical pregnancies (occult losses). This study provided the fewest details concerning the patients (and their selection/testing), and the details concerning randomization and blinding was not described. The RCT by Sher et al. targeted IVF failure patients who had anti-thyroid antibodies. IVIG was added to heparin + aspirin (HA) in the experimental group. IVIG was not tested aloone. The patients in each group were similar. The RCT reported by Stephenson and Fluker documented the most methodological rigor in terms of randomization and blinding. The patients were also described in considerable detail. From the publication, patients with autoantibodies (APA or ANA) did not show a preferential benefit when given IVIG. However, only 3/26 patients in the IVIG group and 12/25 patients in the saline control group had "unexplained" infertility. Problems such as male factor infertility and tubal factor with hydrosalpinges that were included in the trial would not be expected to respond to IVIG treatment. In the Stephenson and Fluker RCT, the overall pregnancy rates in both groups were low compared to nationally published data, suggesting an underlying problem affecting all patients as a confounder might exist, such as inclusion of patients with hydrosalpinges etc. (15) . Based on achieved sample size and assuming all patients could benefit from IVIG, the probability of detecting an improvement of 16.7% with IVIG (as shown in Fig. 1 and the calculation earlier) was only 0.47 (probability of missing such a significant effect was 53%). Therefore, the risk of a type-II statistical error was quite high, and therefore, the study can be said to have been underpowered in its ultimate execution (13) . Of course, the achieved sample size in the other RCTs was also not large, but in a series of small trials, it is expected that some will be statistically significant and some not. In the three RCTs, IVIG was given before and after conception; in the Stephenson et al. trial, only a single postconception dose was given only if the patient had achieved pregnancy. The problem of underpowered studies can be remedied by meta-analysis that pools a series of small data sets to achieve a much more powerful sample. The De Placido and Stephenson trials compared IVIG to placebo, and achieved an average combined sample size of 45 per group with a 9.6% improved success rate with IVIG. The probability of a type-II error (i.e., failing to achieve a one-tailed p < 0.05) for a 9.6% improvement would be 64%, and using a more rigorous two-tailed p < 0.05, the risk of missing a significant effect of 9.6% would have been 78%. Meta-analysis seeks to avoid risks of such unacceptable magnitude by generating a larger sample size that has more power. In the Sher et al. trial, all patients received HA, and the control success rate was higher than in the other two RCTs that used placebo. However, in the Sher et al. trial, the question was whether IVIG could further improve the take-home baby rate. IVIG and HA are thought to have different mechanisms of action, and the greater improvement in success rate with IVIG compared to the other two RCTs could have reflected a synergistic effect, or selection of patients with autoimmunity (thought more likely to benefit from immunomodulation), or random variation; with correction for number of embryos transferred, the success rates in the cohort-controlled trials were not significantly different from that the Sher et al. RCT in Table IA . In meta-analysis of trials of adjuvant chemotherapy in early breast cancer published in The Lancet, Peto et al. have shown it quite acceptable, and indeed, necessary, to combine trials where treatments were slightly different (16) . Indeed, a significant result when trails that are heterogeneous with respect to treatments are combined, one obtains a more robust and reliable result. Patient heterogeneity is also allowed as an initial step to detect a benefit of treatment, and subsequent trials usually address the question, is there a subset of patients more likely to benefit from treatment? In the pooled result in Fig. 1(A) , the magnitude of statistical heterogeneity was acceptable for pooling, and the probability of missing the observed improvement with this size sample was only 26% for a two-tailed p < 0.05 and 15% for a one-tailed p < 0.05, which is very close to the value of 20% (power = 80%) used when estimating sample size for a proposed trial.
Two cohort-controlled studies were also considered in our analysis. In theory, RCTs should be more trustworthy, especially when blinded, since randomization is believed to balance unidentifiable variables in the control and treatment groups. A previous prospective international observational study and meta-analysis of allogeneic leukocyte immunotherapy in recurrent miscarriage patients done by the Ethics Committee of the American Society for Reproductive Immunology also considered both RCTs and cohort-controlled trials (17) . It was found that randomization did not necessarily balance the control and treatment groups for known prognostic factors, and the double-blind RCTs surprisingly showed a greater effect of treatment than did unblinded and cohort-controlled studies (18) . Recent studies show that cohort-controlled studies yield results that are similar to RCTs as do randomized versus nonrandomized studies (19) (20) (21) . Since it is important to consider all of the available data when assessing a therapy, we chose to look at cohort-controlled studies as well as RCTs. This is acceptable provided one considers the RCTs separately and not solely as a pooled data set. It can be seen from Fig. 1(B) , where we corrected for number of transferred IVF embryos that the outcome of cohort-controlled studies showed a greater benefit in the IVIG group, although not statistically different from most of the RCTs. The results in Tables II and III showed a more striking effect of IVIG. Could this reflect bias due to the controls being treatment rejectors? The control patients could have been under greater stress, and stress has been linked to infertility (and recurrent miscarriages) in genetically susceptible individuals. On the other hand, all of the patients in the cohortcontrolled trials had been selected for the presence of immunological abnormalities including increased levels of blood NK activity in vitro. Could such patients have been at a higher risk of failure after embryo transfer? It has been controversial whether patients with anti-phospholipid antibodies such as anticardiolipin (ACL) have a worse prognosis with IVF (possibly due to differences in anticardiolipin antibody assays in different centers), but presence of anti-phospholipid antibodies does seem to identify a subgroup more likely to benefit from treatments such as HA and IVIG (21) (22) (23) (24) . The success rate in the IVIG-treated patients was also higher in the RCT of Sher et al. where the patients had been selected on the basis of anti-thyroid antibodies. In the cohortcontrolled studies, elevated NK activity was also used to select patients for treatment. One effect of IVIG is to suppress elevated NK activity. This has been documented in vivo as well as in vitro. The IVIG used in the Stephenson and Fluker trial was provided by Bayer Canada Inc. (4). Figure 2 shows that IVIG preparations cannot be considered equal, and the Bayer Canada preparation was significantly less active than Gammagard that was used for the study in Table II . In the Stephenson and Fluker trial, IVIG was only administered once following establishment of a pregnancy, so a less potent IVIG preparation used in that study may have been inadequate without subsequent administration during pregnancy, thus contributing to the negative result of the study. Unfortunately, one cannot retrieve samples of the different IVIG preparations used in the studies in Fig. 1 and compare them, but the data in Fig. 2 documents a hitherto unappreciated problem that will need to be considered in the design of any future trials. Stricker et al. have suggested that patients who receive continuing treatment during only the first trimester may have a higher risk of subsequent loss than those who continue through to the end of the second trimester, but the data are limited (12) . Anti-phospholipid antibodies are associated with second trimester losses, and autoantibodies could potentially cause problems up to the time of parturition. Further studies to determine which patients should be treated beyond the first or second trimester need to be done.
It is important to consider whether immunological tests to select patients for IVIG has any value. As noted above, in the Stephenson and Fluker trial, patients with a positive ANA and/or ACL did not show a striking benefit with IVIG (4). De Placido et al. did not describe immune testing, whereas Sher et al. selected patients with anti-thyroid antibodies (9,10). Kutteh et al. reported as much improvement in implantation rates in APA-negative IVF failure patients with heparin + ASA treatment as in the APA-positive patients when anticardiolipin was the only test used to detect anti-phospholipid antibdies (25) . However, in ACL-negative patients there can be other abnormalities such as anti-thyroid antibodies and increased levels of circulating natural killer (NK) cells, which appear to be relevant in selecting appropriate patients for treatment. The two cohort-controlled trials employed extensive testing beyond ANA and ACL to select patients (e.g., αCL and/or αPI and/or αPG and/or αPS and/or αPG, NK cell activity, and anti-thyroid antibodies).
There has been some recent controversy about the value of blood NK cell activity testing. Elevated levels of circulating NK cells, and production of Th1 cytokines that activate NK cells, have been linked to increased rates of spontaneous abortions and to IVF failure (26) (27) (28) (29) (30) . Recently Moffet et al. have challenged the validity of peripheral blood NK assays arguing that uterine NK cells differ significantly from peripheral blood NK cells, so measuring the latter should be meaningless for events at the feto-maternal interface (31) . The fact that novel CD56 bright CD16
− uterine NK-lineage cells are particularly prominent in endometrial and decidual tissue does not logically lead to a conclusion that they must be the most important with respect to the causation of recurrent miscarriages and infertility; the fallacy of equating numerosity with importance in immunological inflammation has been documented elsewhere (32). Aoki et al. (28) showed that high peripheral blood NK activity was associated with an increased risk of miscarriage when the woman subsequently married and tried to reproduce, and this result was been reproduced by Yamada et al. (29) . Further, Lachapelle et al. showed an increased number of blood-type NK cells in the endometrium of women with recurrent spontaneous abortions (33) . Importantly, 50% of the women had increased NK cell levels, which is strikingly similar to the proportion of recurrent miscarriages that are of normal embryonic karyotype (34, 35) . Chronic stress (post-traumatic stress) can increase NK activity in certain individuals, and predispose to pregnancy loss (36) . NK lineage cells also include a subset with γδT cell receptor (TcR); NKγδT cells in abortion prone CBAxDBA/2 matings are an important source of abortion-promoting cytokines (37) , and NKγδT cells may be present in pregnancy decidua and produce cytokines important to pregnancy success (38-40) Szekeres-Bartho et al. have shown distinct subsets of TcR γδ + cells in peripheral blood produce cytokines that promote or antagonize abortions, in agreement with data obtained in the CBAxDBA/2 model (41). The peripheral blood lymphocytes of 50% of recurrent miscarriage patients produce embryotoxic cytokines in response to trophoblast (42) , and also make an aberrant Th1 response to HLA-G-transfected cells (43) . Taken together, these data suggest that increased numbers and/or activity of circulating blood-type NK-related cells can translate into an unfavorable environment at the feto-maternal interface.
Moffet et al. (31) also argued that assays of the cytotoxic activity of blood NK cells in vitro had no (54) Perino [46] (55) Jablonowska [41] (56) meaning as the function of uterine NK cells in vivo was mediated by the cytokines they produce and not by cytotoxicity. However, there are many types of in vitro assays that do not measure functionally relevant activity in vivo. To determine if a laboratory test result is useful clinically, one must calculate its positive and negative predictive value, such as was done by Aoki et al. (28) . Given that the in vitro NK cell assay measures the activation status of circulating NK lineage cells (and not merely their number), the presence of high levels of circulating NK activity could be significant in a woman with recurrent pregnancy failure where HLA-G at the feto-maternal interface is unable to exert a down-regulating effect. Although the positive predictive value of high blood NK activity levels for a positive benefit of IVIG treatment has yet to be tested in controlled clinical trials ( Fig. 1 and Tables II and III notwithstanding) , IVIG does downregulate NK activity in vivo as well as in vitro, and also can cause a ↓Th1/↑Th2 shift in cytokine production including increased production of GM-CSF that has been linked to improved implantation. (44) (45) (46) (47) (48) (49) . Moffet et al. (31) expressed concern about reproducibility of NK assays, but it may be intermittent peaks of NK activity rather than the steady-state average level that is important. NK levels in blood can vary in a given patient (31), but so can blood pressure, and in the latter situation, peaks above normal can be harmful. What is important is positive and negative predictive value for an effect of IVIG.
Regan et al. (47) have also recently published an opinion paper suggesting that immunological testing of reproductive failure patients has no value, but not all of the relevant data was considered. Stricker et al. reviewed clinical trials of IVIG in RSA and IVF failure patients, and suggested some significant differences between trials that gave a positive result and those that gave a negative result (12) . In this analysis, some of the trials did not have concomitant controls, and RSA and IVF failure studies were combined. Table IV provides revised and updated data comparing positive and negative randomized or cohort-controlled trials with respect to whether IVIG was given pre-conception or was delayed until after a pregnancy was detected. Studies that used historical controls or the patients as their own control were removed from the original analysis, and the results from the two cohort-controlled trials in this current manuscript have been included. The reason patients with pregnancy failure cannot be used as their own control arises from the fact that the probability of success in the next attempt at pregnancy is not zero. The probability of success in the first three IVF cycles remains constant, like the probability of obtaining heads in repeat tosses of a coin; even if one has three tails (failures) in a row, there is still a 50% chance of a head in the next toss. Therefore, a statistically significant rate of success >0 is expected by chance alone. In Table IV , the sample size for each trial is shown in square brackets. If one considers RSA trials only, four trials gave IVIG before conception three of the four were positive, whereas five trials delayed treatment until pregnancy was established and of these none were successful (p = 0.0476, Fisher's exact test). Combining RSA + IVF trials, 7/9 pre-conception IVIG trials were successful, and 0/5 post-conception (p = 0.042). Among the positive trials, 4/7 used immune tests to select patients for IVIG treatment, and among negative trials, 0/7 selected patients for treatment using immune testing (p = 0.035). (This should not be confused with doing a few autoantibody tests on patients and conducting a post hoc subset analysis.) Although the categorical analysis in Table IV is post hoc, in order to convince sceptics, a further prospective large multi-center randomized double-blind clinical trial with a complete panel of immune testing is required; Table IV is validated by two a priori hypotheses. First, a treatment to prevent a condition is more likely to work if it is given before that condition occurs, and second, the treatment is more likely to work if the recipients actually have the condition that the treatment corrects. However, administrators of "managed care" can be unreasonably rigid given their underlying mission is to avoid spending money rather than ensuring patients receive potentially beneficial treatments. Regulatory authorities can also become strict if they perceive that a treatment is being advertised and sold for the purpose of treating a condition "off label." Therefore, for the benefit of patients, and anticipating obstructionism, one may need to be proactive and see that the necessary clinic trial gets done.
A relevant example of controversy created by conflicting (but underpowered) randomized controlled trials of IVIG usage concerns patients with recurrent spontaneous abortions. Anti-phospholipid antibodies, autoimmunity, and activated T and natural killer cells have also been found at an increased frequency in these patients, and from Table I , it is apparent that some of the improvement in live birth rate in IVIGtreated patients was related to a 4.9% reduction in the spontaneous abortion rate; spontaneous abortion occurs at an increased frequency in IVF patients achieving pregnancies (26, 27, 60, 61) . It is therefore appropriate to examine relevant literature on IVIG in recurrent spontaneous abortions to determine if such an effect might be restricted to the IVF group or rather, occurred in non-IVF patients with recurrent miscarriages. A meta-analysis of IVIG trials in recurrent miscarriages using the primary patient data from these trials was published in 1999 (3). This analysis suggested that pre-implantation IVIG in primary recurrent miscarriage showed a trend towards IVIG. The data set was insufficiently powerful to generate a p < 0.05 for either primary or secondary recurrentt miscarriage patients. Since that analysis, the only new data has come from a second trial of IVIG in secondary recurrent miscarriage done by Christiansen (57). Christiansen combined his two data sets and obtained a p < 0.05 for a benefit of IVIG (the two trials were counted separately in Table IV ). When his new data was added to the previous data where IVIG was started with a positive pregnancy test (post-conception), the two-tailed pvalue remained >0.05. A one-tailed p < 0.05 was achieved, so one could reject the hypothesis that IVIG did not improve the success rate, but this was a post hoc analysis of data and there was no a priori reason why IVIG should be more effective if started after conception in patients with secondary recurrent miscarriages as distinct from primary recurrent miscarriage patients. It is argued that pre-conception treatment is better in both primary recurrent miscarriage patients and in IVF failure patients. When pre-and post-conception IVIG data in secondary recurrent miscarriage patients were combined, the one-tailed p-value was >0.05 (not significant). If the same difference were present in a larger data set, a p-value < 0.05 could be obtained, and the lack of significance of what data is currently available may reflect lack of power (so concluding there is no difference may represent at type-II statistical error). In other words, while one cannot reject the null hypothesis that any benefit from pre-conceptional IVIG could be due to chance, one cannot accept it either. It has also been argued that a larger treatment effect of IVIG would be obtained if patients were selected who had immunological abnormalities (53) . The analysis provided by Table IV suggests that idea may be valid. Firm conclusions would require validation by a further randomized controlled trial that would have to be done on US soil to satisfy regulators.
What might be the ideal for further clinical trials? Obviously, one would stratify patients with 0, 1, 2, 3, . . . abnormal test results, and the analysis of each subgroup would be justified by the a priori hypothesis, and exclude patients with conditions unlikely to benefit as discussed above. To be ethical, there would have to be equipoise, meaning that none of the investigators or IRB members have any reason to believe IVIG has any protective activity. In light of the data and analysis in this paper, equipoise would be challenged. On the other hand, if a regulatory agency insisted on such a trial, and one believed IVIG could be beneficial, the only way to help the patients would be to do the trial and it would become unethical not to do so. A clinical trial must also be feasible. A trial with a placebo arm is not acceptable to most women, and recruitment to a trial of IVIG in secondary recurrent miscarriage patients in Canada proved difficult; indeed, at least one patient who aborted and found out she had been receiving placebo, and one who did not achieve pregnancy after 6 months and was taken off trial were devastated. It is our thesis that a reasonable comparator would be heparin + aspirin, which represents potentially effective treatment and is inexpensive (10) . A viable RCT for IVF failure and/or recurrent miscarriage patients would most likely include the combination as one of its arms and have IVIG + HA, and IVIG alone in the two other arms.
Such a trial would only be credible if all clinical miscarriages were karyotyped, full immunological testing was done, and patients receiving treatment had monitoring of their NK cells and NK cell subsets to determine if the IVIG actually worked in vivo in each patient. In the interim, IVIG is still likely to be used in selected cases where other treatments have failed. At least 1/2 of IVIG use is for unlicensed off label indications where level 1 evidence from double-blind randomized controlled trials is unavailable (due to rarity of the condition or unwillingness of subjects to take placebo) or, where evidence is just emerging in the form of meta-analyses of numerous small and underpowered trials (60) . "Off label" use of drugs is common, and both legally and ethically acceptable provided the patient is informed and consents to the treatment.
We did not set out to do a systematic review of IVIG use in IVF failure. Systematic reviews that pool acceptable RCTs in a meta-analysis or logistic regression analysis usually set acceptability criteria based on the reported methodological rigor of each trial. For example, method of randomization, concealment, and blinding, completeness of follow-up, and analysis by intention to treat are deemed important (although we have seen violations of theset principles event in purportedly good studies) (3, 13) . Unfortunately, systematic reviews assume that if rigor was not documented in a paper, there was bias; we prefer analysis of the primary patient data (17) with cross-examination of the data submittors before and during a consensus conference. However, perfection is elusive and clinical decision-making must proceed lest one have clinical paralysis for want of RCTs, so in this paper, we have critically analyzed the best available evidence. Systematic reviews also neglect the issue of biological rigor. Did the patients included in the trial actually have a/the condition that IVIG was expected to correct (13) ? Was the IVIG given in a manner that would reasonably be expected to correct the underlying pathophysiology (13)? Was there a secondary endpoint that would indicate the IVIG was altering the patient's underlying physiology as expected (13) ? Did all of the patients actually have the lab testing done that was reported in a published report of the trial? In an antibiotic trial, for example, one would need proof that the patient was infected with an organism sensitive to the antibiotic, achieved adequate blood levels, and had no infected artificial implants where antibiotic susceptibility is reduced. In a sufficiently large randomized trial, the noise will be diluted out and an effect will be seen, albeit less than in appropriately selected patients; the problem is achieving the necessary sample size, which may exceed 20,000.
Is there any mechanistic rationale for the use of IVIG in early pregnancy failure? The first consideration concerns what causes failures, and the second concerns how IVIG may act. Pregnancies that are lost prior to implantation present clinically as infertility and those that are lost during the stages of implantation are manifest as chemical pregnancy or occult loss. Just as in the case of abortion or post-implantation pregnancy loss, preand peri-implantation losses can be the result of problems within the embryo itself or within the environment in which the embryo implants. Unlike abortions, tissue is not available for analysis in preand peri-implantation losses so it is more difficult tot determine which pregnancies are lost because of abnormal embryos. Data obtained from studies using pre-implantation genetic diagnosis indicates that over half of fertilized eggs are chromosomally abnormal (63, 64) . It is known that the rate of chemical pregnancy (occult loss) is two to four times that of clinical spontaneous abortion (61) . In mice, the mechanisms underlying occult loss differ from those of spontaneous abortion (resorption). The latter, for example, has been linked to unopposed action of up-regulated levels of the fgl2 prothrombinase molecule (63) . Human recurrent abortion has been similarly linked to increased fgl2 (63) . Occult loss in mice does not require fgl2, and is actually increased in frequency in fgl2 knock-out mice (65) . Occult loss has also been attributed to alloantigen-specific maternal T cell rejection of embryos occurring when indoleamine 2,3-dioxygenase (IDO) is blocked (66) . Bacterial lipopolysaccharide (LPS) and stress can also cause occult losses (65, 67) . In the case of LPS, unlike spontaneous abortions, loss does not require the type 1 receptor for TNF-α (68). Stress-induced loss is mouse strain specific, and a similar genetically determined susceptibility most likely applies to humans as stress does not normally lead to loss of unwanted pregnancies (69) . However, a common theme in patients with IVF failure/infertility and/or recurrent miscarriages has been increased NK activity,t increased Th1/Th2 cytokine ratios, and presence of autoantibodies, and patients undergoing IVF have an increased miscarriage rate which, from Table I , appears to be countered by IVIG (12, 26, 27, 29, 30, (44) (45) (46) (47) 60, 61, 70) . Freshly isolated allogeneic (paternal) leukocytes that can prevent spontaneous abortions in appropriately selected patients do not appear effective in preventing losses at the occult stage (before 6 weeks gestation) (13) , and in a mouse model of stress-triggered loss, paternal leukocytes have proven ineffective (71, 72) . A significant problem in interpretation of studies of therapy of very early losses has been to distinguish between implantation failure and failure as a chemical pregnancy immediately after implantation. As the mechanisms may be different, the syndrome is heterogenous (61, 69) , and presence of a group of patients unlikely to respond to treatment makes detection of a significant treatment effect more difficult.
With respect to mechanisms of action of IVIG, Sewell and Jolles (1) (73) . Recently, the CD200 tolerance signal has been shown to be important for suppression of NK activity (as shown in Fig. 2 ) by IVIG (14) ; interestingly, the CD56 bright subset of NK cells and NKT cells, which have been viewed as of particular importance at the feto-maternal interface express receptors for CD200 (74) . CD200 may be particularly important as the CD200 molecule binds to CD200R2/3 on antigen-presenting cells, which then activate CD4 + 25 + Treg cells (75) ; these Treg cells prevent autoimmune disease, and also prevent spontaneous abortion and infertility in mice (76, 77) . These data suggest that additional measurements of CD200-dependent IVIG effects should be made in patients in RCTs to determine if the treatment is working. Current controversy would not likely survive the impact of such data.
